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(57) Abstract: A formate salt based heat transfer fluid containing sulfamic acid and/or biocides for a secondary refrigeration loop is 
disclosed. The formate based heat transfer fluid generally is a more effective heat transfer medium than a glycol based fluid designed 
lo operate in the same temperature range. The formate based fluid also has lower toxicity and environmental risks than the glycol 
fluid. 
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Title: Heat Transfer Fluid for Secondary Refrigeration Systems 
Comprising a Formate Salt 

Field of Invention 

Secondary refrigeration fluids are used to transfer heat from a heat source 
to a source of cooling, typically a refrigeration unit. Secondary refrigeration fluids 
are members of the broader class of heat transfer fluids. The heat transfer fluids 
used in refrigeration have to remain fluid at low temperatures such as below 0° C 
and preferably below -40° C. The heat transfer fluid disclosed herein includes a 
formate salt of sodium or potassium which acts as an electrolyte to reduce the 
freezing point of the water used in the solution. 

Background of Invention 
Ethylene glycol and propylene glycol water solutions are popular heat 
transfer fluids due to the low corrosivity of the glycols and the low fire hazard 
associated with them. A problem with these solutions is their potential toxicity both 
to the environment and to food products or animals and the decrease in thermal 
conductivity of water solutions as the glycol concentration increases. Heat transfer 
solutions are often used in secondary refrigeration loops to transfer heat from a heat 
source to a source of cooling such as a compression refrigeration unit. A plethora of 
advantages can be had from using a secondary refrigeration loop rather than 
transporting the primary refrigerant to remote heat exchangers, which are in contact 
with a heat source. 

A de-icer composition was disclosed in GBB 11 11936. The composition 
included urea; and an alkali metal or ammonium salt of a saturated carboxylic acid 
which contains up to 6 carbon atoms. US Patent 5,104,562 disclosed a coolant 
composition that comprised from about 3 to 9 parts by weight water, from about 1 to 
2 parts by weight potassium formate; from about 1 to 9 parts by weigh of potassium 
acetate, from about 0 to 1.5 parts by weight urea, and from about 0 to 1.5 parts by 
weight of a glycol, US Patent 6,059,966 discloses a low-viscosity, aqueous coolant 
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brine based on inhibited alkali metal acetates and/or formates having improved 
corrosion protection, wherein the coolant brines contain 0.2 to 5% by -weight of 
alkali metal sulfites or pyrosulfites/ WO9309198 disclosed a vapor absorbent 
composition comprising potassium formate for an absorbent refrigeration, air 

5 conditioning, heat puinping or dehumidifying system, W09639472 disclosed a 
method for perfonning heat exchange transfer with a heat transfer medium and a 
heat exchange apparatus. The pumpable heat transfer medium for performing heat 
transfer with a target (b) was characterized in that it contains potassium formate 
dissolved in water. Canadian patent . application 2,220,315 disclosed a composition 

10 comprising: (1) at least one potassium salt of a C1.9 carboxylic acid; and (2) a 
corrosion inhibitor package comprising: (a) sodium or potassium nitrite; (b) sodium 
borate pentahydrate; and (c) tolytriazole. EP 677 563 to Linde discloses a method of 
operating a refrigerating plant using an aqueous potassium formate solution as the 
refrigerant. 

15 It would be desirable to identify a heat transfer fluid with lower toxicity than 

glycol solutions and desirably having better heat transfer properties and minimal 
tendency toward metal corrosion. 

Summarv of Invention 

20 A heat transfer medium comprising a formate salt in water containing 

selected, compatible corrosion inhibitors and/or biocides is disclosed. A preferred 
use is in secondary refrigeration loops to transfer heat from a heat source to a source 
of cooling such as a compression refrigeration unit or absorption refrigeration unit. 
The formate is the primary electrolyte used to reduce the fireezing temperature of the 

25 solution. The pH of the heat transfer medium is desirably adjusted above 8. Other 
electrolytes or conventional freezing point depressors such as glycols or alcohols can 
be present but are not required. Selected corrosion inhibitors and biocides are 
desirably present for applications where the system includes metals and the solution 
will be recycled and reused. Desirably the corrosion, inhibitors and biocides are 

30 water soluble compounds. 

The heat transfer medium is particularly desirable in applications where the 
primary refrigerant (defined as the working fluid which transfers heat from or to the 
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system) is desirably excluded from enviromnents where its presence or the presence 
of a relatively toxic secondary reMgeration fluid would present health or safety 
concerns. • 

Brief Description of Drawings 
Figure 1 illustrates the effect of 0.02 weight percent of the potassium salt of 
sulfamic acid on the galvanic current generated between dissimilar metals immersed in 
a potassium formate solution. 

Detailed Description of the Invention 
The formate salt can be potassium or optionally sodium, optionally including 
trace contaminants such as other salts from the water source. These contaminants 
would typically be contaminants found in tap or drinking water supplies such as 
calcium, magnesium, carbonate, chloride, fluoride, and iron ions, etc. The ability to 
prepare the heat transfer fluid with conventional tap water and/or industrial make up 
water is a particular advantage. Various additives can be added to the heat transfer 
fluid to help it accommodate impurities. These might be additional biocides, 
scavengers for chlorine, and complexing agents such as ethylenediaminetetraacetic 
acid or its salt. 

Desirably the solution is from about 2 to about 77 weight percent of a 
formate salt of potassium and/or sodium. More desirably the formate salt is from 
about 5 to about 75 weight percent and preferably from about 10 to about 60 weight 
percent of the heat transfer fluid. Desirably the formate salt is at least 50 mole 
percent of the total salts in the solution and more desirably at least 75 or 80 mole 
percent. The formate solution can contain other materials like acetate salts of 
sodium or potassium or alkylene glycols (ethylene glycol or propylene glycol). 
While glycols can be present at various concentrations, depending on the particular 
appUcation, preferred concentrations for use with the formate salt are either 
substantially no glycol at all or concentrations from about 0.1 to about 5 or 10 
weight percent based upon the weight of the fluid. These components may be 
present in any concentration in the heat transfer fluid. While it is later taught that the 
formate solutions have better heat transfer properties than the glycol solutions and 
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improved properties over an acetate salt solution, the system is tolerant to these 
components and they may be added for specific purposes. 

The formate offers many advantages over the glycol type solutions. * It has 
better heat transfer and it has much lower toxicity than glycol in cases of food 

5 contamination or with respect to the environmental concerns with spills etc. The 
pH of the formate solution is desirably adjusted above 8, more desirably from 
about 8 to 12 and most desirably from 8.5 or 9 to 11 and preferably from 9.5 to 10 
to minimize corrosioui The fluid can be buffered with various buffers to control 
the pH variation should the heat transfer solution be further diluted or 

10 contaminated with an acid or base. 

The concentration of the formate salt in the heat transfer fluid only needs to 
be high enough to prevent freezing of the heat transfer fluid. This is usually 
accomplished by determining the coldest temperature to which the heat transfer 
fluid will be exposed and then forming a heat transfer fluid that will remain 

15 unfrozen at a temperature at least 5° C colder than the anticipated temperature. 

Water is a preferred heat transfer fluid over many organic compounds due 
to its low viscosity and non-toxic nature. However, Water freezes at about 0"" C 
and the formate salt is necessary to allow the use of the water without freezing (to 
keep the water as a pumpable liquid under conditions below 0° C when used as a' 

20 coolant for low temperature applications). 

Desirably the water is present in the fonnate solutions at concentrations of 
at least 20 weight percent based on the weight of the heat transfer fluid and more 
desirably from about 23 or 25 to about 95 or 98 weight percent of the heat transfer 
fluid and preferably from about 50 to about 90 weight percent In many glycol 
* 25 based heat transfer fluids a purified or distilled water is recommended to obtain 
good heat transfer activity and longer fluid life. With said invention tap water may 
be used to make up the heat transfer fluid and tap water may be used to dilute the 
heat transfer fluid. 

Selected corrosion inhibitors which exhibit good solubility in high salt 
30 aqueous solutions are used in the formate salt based heat transfer fluids. These 
corrosion inhibitors may be present in concentrations up to 4 weight percent and 
desirably above 0.01 weight percent or from about 0.1 weight percent up to 2 weight 

4 
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percent based on the weight of the heat transfer fluid. Corrosion inhibitors include 
triazole inhibitors such as benzotriazole (preferred in combination), benzimidazole, a 
diazole such as dimercaptothiadiazole (preferred in combination); water-soluble aryl 
sulfonates, citric acid, sulfamic acid (preferred), inorganic nitrites, and mixtures of 
5 C5 to Cs monocarboxylic acid or alkali-, ammonium- or amino-salts of said acid, a 
C2-C8 dicarboxylic acid or alkali-, ammonium- or amino-salts of said acid. Vapor 
phase corrosion inhibitors can also be added to the fluid and would reduce corrosion 
on surfaces that are not always in contact with the fluid. A preferred vapor phase 
corrosion inhibitor would be tertiary amine,- R3N, where R contains 1 to 4 carbon 

10 atoms. Vapor phase corrosion inhibitors are generally desirable at concentrations up 
to 0.3 weight percent based on the weight of the fluid. 

Biocides are also desirable components in the heat transfer fluid. The 
biocides prevent the growth of various plant and animal life that may be introduced 
from the water supply or which have been growing in the prior heat transf^ fluid. 

15 Desirably the biocide is present at a concentration of less than 0.5 weight percent 
and more desirably less than 0.3 weight percent. Preferred biocides are various 
copper salts that can effectively control most plant and animal growth at less than 
0.025 weight percent concentrations and more desirably less than 0.005 weight 
percent based on the weight of the heat transfer fluid. The copper cation seems to.be 

20 primarily associated with the biocide activity. With these copper salts the actual 
copper concentration is Iqss than 100 ppm and more desirably less than 25 ppm. 
Suitable copper salts include copper acetate, copper sulfate, and copper citrate. The 
copper salts may also improve the thermal conductivity of the heat transfer solution 
and assist in preventing certain types of corrosion. Glutaraldehyde can also be added 

25 to the fluid as a biocide. 

Desirably both the corrosion inhibitors and the biocide are soluble at levels 
higher than that necessary for many applications so that the entire heat transfer fluid 
can be prepared as a concentrate. This provides an opportunity to deliver the 
effective concentrations of corrosion inhibitor and/or biocide upon dilution with 

30 water at the site of use to form a heat transfer fluid. 

One can also iaclude metal ion scavengers (chelating agents) such as 
ethylenediaminetetraacetic acid or its salt (EDTA). Desirable concentrations of 
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chelating agents are up to 2 or 6 weight percent and more desirably from about 0,2 to 
about 6 weight percent based on the weight of the fluid (heat transfer composition. 

The heat transfer fluid using formate salt is useful as the transfer medium to 
transfer heat from a target (the object to be cooled) to a heat sink or vice versa to 

5 transfer heat to a target (the object to be heated) from a heat source to effect cooling 
or heating, respectively of the target. The use of both cooling and heating occurs in 
geothermal heating and/or cooling where the heat sink is typically the earth's crust at 
a depth of 2 to 6 feet and heat or cooling is transferred from this heat sink to the 
compression refrigeration system. Thereafter the compression refrigeration system 

10 transfers the heat or cooling to the building or other target to be heated or cooled. 
The cooling/heating source can be a compression refrigeration system an absorption 
refrigeration system, a heat pump, or any other source of cooling or heating (e.g. a 
._heat„sink_c.omprising_ajcefrigerated .fluid). Secondary loop heat transfer fluids are 
used in a variety of systems where the primary refrigerant is to be physically isolated 

15 from the final application of heating or cooling. The secondary loop systems will be 
defined as where a heat transfer medium is used to transport heat energy from a 
target to a primary refrigeration system or transfer heat energy from a heat source to 
a target (e.g. geothermal heating). The primary refrigeration system is where heat is 
transferred to tiie external environment (heat sink) by way of a primary refrigerant or 

20 vice versa. The primary refrigerant may use a compressor refrigeration system or an 
absorbent refrigeration system. 

The purpose of isolating the primary coolant from the heat sink or target can 
vary but may include hazards associated witii the primary refrigerant (e.g. toxicity, 
flammability), cost of die primary refrigerant, difficulty transporting the primary 

25 refiigerant (e.g. possibly factors such as the need for higher cost transport lines, 
higher cost heat transfer equipment (heat exchangers), viscosity problems, concerns 
about pressure, concerns about returning all the components of the primary 
refrigerant back to the compressor), ability to store cheaper fluids and their, thermal 
energy during low energy cost periods etc. Systems that include a secondary loop 

30 offer advantages in that they can be very compact in design, can be factory built and 
charged mth the primary refrigerant, are capable of operating with an extremely 
small charge of refrigerant, and can be located at a central or remote location e.g. a 
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roof top, a ventilated xoom or somewhere away, from humans where vibrations or 
noise of operation might be a concern. Incorporated herein by reference are US 
Patent 5,819,549; US Patent 5,104,562; WO 99/37733; and WO 96/39472 including 
their disclosures about coolants, transfer efficiency measurements, and proi5lems 
5 with the prior art heat transfer fluids. 

In compression refrigeration, the refrigerant is desirably an organic or 
halogenated organic refrigerant or an inorganic refrigerant ( e.g. CO2, butane, 
fluorocarbon or ammonia). The heat transfer fluid is particularly desirable with 
fluorocarbon based refligerant systems because the secondary heat transfer fluid is 
10 pumped at much lower pressures than the fluorocarbon and minimizes the risk of 
fluorocarbon system leaks by minimizing the portion of the system occupied by the 
fluorocarbon (fluorocarbon doesn't have to be present in portion of system occupied 
by the secondary heat transfer fluid). In ammonia based compression refrigeration 
systems the formate salt heat transfer fluid helps minimize the total volume of 

15 ammonia needed without reducing capacity of the system. This allows the use of 

1 

ammonia in geographical areas where larger volumes of ammonia would constitute a 
significant hazard to human safety or life if a leak occurred. Other refrigerant fluids 
include alkanes of I-IO carbon atoms with butane and propane being preferred or 
things like carbon dioxide. The formate salt heat transfer fluid can also be used in 

20 , closed environments (buildings with minimal ventilation) where an ammonia heat 
transfer fluid would be hazardous. Typically secondary loop fluids need to be able 
to be cooled to at least -15"" C or -25° C and possibly down to -30** C or -40° C 
without becoming a solid or so viscous that pumping becomes difficult. 

The heat transfer fluid can be used for heating or cooling applications, i.e. in 

25 application where the refrigerant is being used to pump heat from a heat sink 
(heating) or to pump heat into a heat sink (cooling). The article to be heated can be a 
climate control for humans or other animals or it can be an application where a 
chemical composition is being heated or other commercial application where heat is 
being applied. Alternatively on the cooling side, cooUng can be used for climate 

30 control, including dehumidifying, or to refrigerate or freeze a chemical composition, 
foodstuff, or in a commercial or residential application requiring cooling. Cooling is 
also an important part of food processing where foodstuffs are prepared and then 

7 
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quickly cooled or frozen to preserve their nutrients and avoid decomposition or 
contaniination by bacterial or fungal growth. While a preferred embodiment 
involves use of the heat transfer fluid with a compression or absorptive refrigeration 
equipment, the heat transfer fluid can be used in other applications where 
5 temperature control is achieved by pumping a fluid through composition of matter 
e.g. as using a fluid to control temperature in an internal combustion engine or using 
a fluid to control the temperature in a reactor or under material molding conditions. 

EXAMPLES 

Various combinations of at least potassium formate, optionally including 

10 potassium acetate and/or potassium nitrate were prepared in water and tested for heat 
transfer capacity, freezing points, corrosivity, and viscosity at reduced temperatures. 
The effect of various concentrations of the above components on the thermal 
conductivity, corrosion tendencies, fi:eezing,points, pH, and Brookfield viscosity at 
-40° C were observed and recorded. The solutions compared favorably with 

15 propylene glycol solutions in terms of thermal conductivity. The solutions could be 
prepared with low corrosion tendencies towards copper and other metals. The 
solutions maintained low viscosities down to -40° C. 

Samples of a heat transfer fluid comprising a first sample of 60 wt.% potassimn 
formate in water without any corrosion inhibitor and a second sample of 60 wt.% 

20 potassium formate with 0.02 wt.% sulfamic acid were compared in a galvanic current 
versus time plot. The plot is shown as attached Figure 1. 

The galvanic corrosion test was conducted according to Guidelines for 
Conducting and Evaluating Galvanic Corrosion Tests in Electrolytes ASTM G71 using 
various metal coupons from Metaspec Co., P.O. Box 27707, San Antonio, Texas 

25 78227-0707. One lead was connected to a copper specimen while the other lead was 
coimected to an aluminum specimen. The aluminum specimen was 304-C aluminum 
alloy (QQ-A-250/4 2024 T-3 bare Vi' x 3" x 1/16", with a Vi" hole, Vi" from the end) 
and was polished to 280. The copper specimen was a 304-A copper, alloy (CA-110, 
QQ-C-576, annealed ETP, Vi' x 3" x 1/16", with a W hole, W from the end) and 

30 polished to 280. All specimen were washed with heptane then isopropanol and dried to 
remove any commercial corrosion inhibitor that may have been applied by the 
mantifacturer. The sample of electrolyte was a volume of 258 mL and an air flow of 1 
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mL/min was added. The solution was stirred. Both samples were 60 wt.% potassium 
formate. Any dilution of the potassium formate to reach 60% was done with double 
distilled water. The pH of both solutions was adjusted to 9.96 with KOH before the 
test. The sulfamic acid (0.02% by wt.) was to the second sample before the pH 
5 adjustment. The two electrodes were spaced 7 mm apart; The test temperature was 25° 
C. The test measures the tendency of a solution to develop an electrical potential or 
current when two dissimilar metals exist in contact with the electrolyte solution. 

Table 1 shows the effect of the potassium salt of sulfamic acid on weight 
change due to corrosion of immersed metal coupons during a two week storage test at 
10 25°C. The metal coupons are the same as used in the galvanic corrosion test. 



Table 1 Effect of Salt of Sulfamic Acid on Corrosion 



Metal 


Coupon 
.wt. g 


60-wt.%HCOOK 


60 wt. %HCOOK with 0.1% 
sulfamic acid 


Cu 


12.9 


-0.0065 g 


-0.0009 g 


Steel 


11.6 


-0.1795 g 


-0.0003 g 


Al 


4.1 


-0.0028 g 


0.0002 g 



ASTM D1384 was used to measure the weight loss of metal coupons after being 
exposed to potassium forrhate solution with sodium benzotriazole or sulfamic acid 

15 corrosion inhibitor. The potassium formate solution was 60 wt.% concentration. The 
pH was adjusted to 9.5-10.0 with KOH. The sulfamic acid was added to the second 
sample before the pH adjustment. All of the coupons were put in the same bath The 
coupons were similar in composition and polish to the samples for the galvanic 
corrosion test. They were assembled together as a package. They were not connected 

20 - to any electrical grounding equipment (i.e, they were electrically isolated except for the 
electrolyte). The surface area of each coupon was about 1300 mm^ and the weight of 
each coupon ranged from 9 g for cast Al to 25 g for cast iron. Each coupon was 
weighed prior to the test and after immersion in the solution for two weeks (336 hrs). at 
the beginning. The values represent the change in the sample weight after 336 hours, 

25 A negative value indicates that the coupon lost weight during the test. The temperature 
of the solution was 88^C, The coupons or samples were fully inunersed. 
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Table 2 Comparison of Benzotriazole and Suifaniic Acid Salt as Corrosion 

Inhibitors. 



Metal 


60wt.%HCOOKwith 
0.2% benzotnazole 


60 wt.% HCOOK 
with 0.5% sulfanuc 
acid * . 


60 wt.% HCOOK 
with 0.02% 
sulfamic acid * 


Cu 


0.0046 g 


0.0118 g 


0.00.04 g 


Solder 


-0.261 g 


-0.3561 g 


0.0953 g 


Brass 


0.0048 g 


0.0078 g 


-0.0007 g 


Steel 


0.0454 g 


-0.0493 g 


-0.0951 g 


CastFe 


0.0387 g 


-0.0133 g 


-0.0347 g 


CastAl 


0.0048 g 


0.0415 g 


-0.0152 g 



* These samples also had 0.002 wt.% of copper citrate biocide therein. 



Solutions of potassium formate were prepared to determine the general 
physical properties that could be expected of the solutions. The solutions were 
prepared by diluting with distilled water a concentrated 72 wt.% solution of 
potassium formate. 



Table 3 Various Concentrations of Potassium Formate 



Coneentration 


Viscosity centistokes 
-10/-20/-30° C 


pH 


Specific Gravity 


Freezing 
point °C 


72% 


19.6/35.1/74.3 


9.88 


•1.5256 


-54 


52% 


4.94/7.4/11.9 


9.24 


1.3665 


<-54 


35% 


2.95/4.2/- 


8.65 


1.2279 


-36 
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What is claimed is: 

5 1. In a refrigeration, heat pump, freezing, or climate control system which 

employs 

a) a primary refrigerant contained in a compression or absorption 
refrigeration equipment to pump heat between a target and heat sink (towards or 
from) and 

10 b) a heat transfer fluid to traasport heat away from or towards said 

refrigeration equipment, the improvement comprising including from about 2 to 
about 77 weight percent of a potassium and/or sodiimi salt of formic acid adjusted to 
a pH above 8 and at least 0.01 weight percent sulfamic acid in said heat transfer fluid 
"along with at least 20 weight percent water . 

15 

2. A system according to claim 1, wherein said salt of formic acid is from 
about 5 to about 75 weight percent of said heat transfer fluid. 

3. A system according to claim 1, wherein said salt of formic acid is from 
20 about 10 to about iSO weight percent of said heat transfer fluid. 

4. A system according to claim 1, wherein said heat transfer fluid further 
includes a biocide. 

25 5. A system according to claim 1, wherein said heat transfer fluid further 

includes at least one of a salt of acetic acid, an alkylene glycol, and contaminants 
from a tap water source. 

6. A system according to claim 4, wherein said heat transfer fluid 
30 includes a copper salt. 



11 
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7. A system according to claim 4. wherein said biocide is present at a 
concentration less than 0.3 weight percent . 

8. A system according to claim 5, wherein said heat transfer fluid includes 
less than 0.025 weight percent of a copper salt of an organic mono or polycarboxylic 
acid and the concentration of copper is less than 100 parts per million by weight 
(ppm). 

9. A system according to claim 5, wherein said system includes food 
processing equipment or food products as the target (heat source). 

10. A system according to claim 1, wherein said systems includes 
a) chemical or other industrial processing equipment; b) an ice rink or ice-making 
equipment; c) refrigerated and/or frozen food storage equipment, or d) climate 
control equipment or other air handling equipment as said target 

11. A system according to claim 1, wherein said system is a geothermal 
heating and/or cooling system. 

12. A system according to claim 1, further including up to 4 weight percent 
of a supplemental corrosion inhibitor to said salt of sulfamic acid. 

13. A system according to claim 1, wherein the pH of said heat transfer 
fluid is from about 8 to about 12. 

14. A system according to claim 1, wherein said system employs a 
compression refrigeration equipment and said refrigerant is an organic or 
halogenated organic refrigerant. 

15. A system according to claim 1, wherein said system employs 
compression refrigeration equipment and said primary refrigerant is ammonia or 
another inorganic material. 

12 
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16, In a method for providing cooling and/or heating comprising; 

a) passing a primary refrigerant through a refrigeration cycle to transfer 
heat from the evaporator side to the condenser side, 

b) contacting a heat transfer fluid with said evaporator side or said 
5 condenser side of said refrigeration cycle and thereby cooling or heating said heat 

transfer fluid, 

c) pumping said heat transfer fluid from said evaporator or condenser side 
to another location and transferring heat from between said location and said heat 
transfer fluid, and 

10 d) pumping said heat transfer fluid from step c back to said evaporator 

side of said refrigeration cycle, 

wherein the improvement comprises using sodium and/or potassium formate 
salt at concentrations from about 2 to about 77 weight percent in a water at a pH 
above 8 with at least 0.01 weight percent sulfamic acid present in a solution as 

15 major component in said heat transfer fluid, 

17. A method according to claim 16, wherein said formate salt is used at 
concentrations from about 10 to about 50 weight percent in water. 

20 1 8. A method according to claim 16, wherein said heat transfer fluid further 

comprises less than 0,025 weight percent of a copper salt of an organic mono or 
polycarboxylic acid and the concentration of copper in said heat transfer fluid is less 
than 100 parts per million by weight (ppm). 

25 19. A method according to claim 18, wherein said heat transfer fluid is used 

to cool a food product at said another location. 

20. A method according to claim 16, wherein said heat transfer fluid is used 
to cool a) an industrial chemical or intermediate therefore in chemical processing 
30 equipment; b) a liquid to form an ice rink or ice; c) refrigerated and/or frozen food 
storage equipment; or d) climate control at said another location. 

13 
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21. A method according to claim 16, wherein said refrigeration cycle is a 
compression refrigeration cycle using an organic or halogenated organic refrigerant. 

22. A method, according to claim 16, wherein said refrigeration cycle is a 
5 compression refrigeration cycle using ammonia or another inorganic refrigerant. 

23. A heat transfer composition comprising water, potassium formate, 
sulfamic acid , and optionally water soluble biocides at a pH above 8. 

10 24. A heat transfer composition according to claim 23, further including a 

metal chelating agent, 

25. A heat transfer composition according to claim 24, wherein said 

metal chelating agent is ethylenediaminetetraacetic acid or a salt of said acid, and 
15 said metal chelating agent is present at a concentration of up to 2 weight percent, 
more desirably from about 0.2 to about 0.6 weight percent based on the weight of 
said heat transfer composition. 

26. A heat transfer composition according to claim 23, further including an 
20 alkylene glycol, desirably in an amount from about 0.1 to about 5 or 10 weight 

percent based on the weight of said heat transfer composition. 

27. A heat transfer composition according to claim 26, wherein said 
alkylene glycol is ethylene glycol, propylene glycol, or combinations thereof. 

25 

28. A heat transfer composition according to claim 23, further including 
glutaraldehyde. 

29. A heat transfer composition according to claim 23, further including 
30 up to 0,3 weight percent of a tertiary amine effective as a vapor phase corrosion 

inhibitor, said weight percent being based upon the weight of said heat transfer 
composition. 
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